Ringed Plaque Formation in Infectious Pancreatic Necrosis Virus
Correlates with Defective Interfering Particle Production (Accepted I2 July I978 ) SUMMARY Four isolates of infectious pancreatic necrosis virus showed ringed plaque morphology on chinook salmon embryo cells, while six other isolates showed clear plaque morphology. One isolate chosen from the ringed-plaque class yielded defective interfering (DI) particles after as few as two virus passages starting with plaque-purified material; another isolate from the clear-plaque class failed to yield detectable numbers of DI particles.
Infectious pancreatic necrosis virus (IPNV) is a pathogenic agent of salmonids that may be a new member of the Reoviridae. However the virion contains only two pieces of double stranded RNA and has a single capsid structure (Cohen etal. I973 ; Dobos, I976; Macdonald & Yamamoto, I977; Macdonald et al. I977) . IPNV has been responsible for fish hatchery disease in the United States (Wolf et al. I96o; Wolf, I976 ) , France (Wolf & Quimby, I97I) , Denmark (Vestergard-Jorgensen & Kehlet, x97~), Japan (Sano, I970 and Canada (Sonstegard & McDermott, I97I; Yamamoto, I974) . Investigators in these different countries have all succeeded in isolating IPNV from infected fish and to date about I5o different 'isolates' of IPNV are available. In addition IPN-like viruses have been discovered in several marine molluscs. These viruses infect fish cells and are indistinguishable morphologically from fish IPNV (Underwood et al. I977) .
I have compared the plaque morphology of ten isolates of IPNV and two isolates of IPN-like viruses and have found that these viruses could be classified into two groups: (I) those that gave clear plaques and (z) those that gave ringed plaques. The plaque phenotype was a stable heritable trait of each isolate and thus would appear to be a natural genetic marker for IPNV that may be useful for characterization. Evidence is presented that ringed plaque formation in at least one IPNV isolate (VR299) correlated with the formation of defective interfering (DI) particles in this isolate during a defined passage regime. Another IPNV isolate (Jasper) chosen to represent the clear-plaque class failed to yield detectable numbers of DI particles.
Seed stocks of the viruses used in this study were a kind gift from Dr T. Yamamoto, University of Alberta. The original sources for these viruses can be found in Chang et al. ) and one from oysters (OV-3). Chinook salmon embryo cells (CHSE-214) were originally a kind gift from J. L. Fryer, Oregon State University. Cells were grown in minimal essential medium with Earle's salts (MEM; GIBCO) plus o-I8 % sodium bicarbonate and 5 % foetal calf serum (FCS). The cells were kept in a CO2 incubator at I7 °C with enough CO2 to keep the medium at pH 7"4 to 7"6. CHSE-214 cells were cultured without any antibiotics, except during the plaque assays and DI particle assays when penicillin (Ioo international units/ml) and streptomycin (IOO #g/ml) were added. Each virus isolate was plaque purified three times (with no growth in liquid in between) and the plaque morphologies were compared on the fourth consecutive plaquing. The details of the plaque assay have been described (Chang et al. 1978 ) except that the final agar overlay in the present study contained I x MEM. The normal incubation time for a plaque assay with IPNV in CHSE-2I 4 cells was 4 days; however, incubation of the dishes for 7 days or longer resulted in the formation of ringed plaques in some isolates (Fig. I) . These plaques were characterized by a furry border that contained cells surviving infection within the margin of the plaque. The IPNV isolates that produced only ringed plaques in CHSE-2I 4 cells were VR299, Western, Buhl, Fall River, and OV-3. Those that produced only clear plaques were Jasper, West Buxton, Powder Mill, Reno, d'Honnincthun and Bonnamy. TV-I produced small plaques in CHSE-2I 4 cells, and thus this isolate was distinctive (Fig. I) . The other mollusc virus, OV-3, had a plaque morphology and size indistinguishable from the fish IPNVs (Fig. I) . The small plaque size of TV-I was not due to an extreme case of interference, since the plaque grew predictably in size with further incubation. When the TV-I plaques reached the same size as other IPNV plaques (in IO days), they were clear in morphology (data not shown).
Short communications
Similar ringed or 'bull's eye' plaques have been described for lymphocytic choriomeningitis virus (LCM), and it was suggested that these plaques could be due to the action of DI particles in that system (Welsh & Pfau, I97z; Pfau et al. I973) . LCM virus has been shown to contain DI particles that could interfere with the cytolytic potential of standard virus (Welsh et al. 1972; Popescu et al. I976; Dutko & Pfau, r978) . Recently we have shown that IPNV also exhibits a DI particle-mediated interference phenomenon that was similar in many respects to LCM virus interference (Macdonald & Yamamoto, I978 ) . In an effort to decide if IPNV DI particles could be responsible for the ringed plaques in CHSE-214 cells, the number of DI particles generated by the VR299 isolate was compared with the number generated by the Jasper isolate during a defined passage regime.
Prior to the analysis of DI particle production, VR299 and Jasper isolates were subjected to six plaque-to-plaque purifications. This procedure was found to be necessary to rid vesicular stomatitis virus of DI particles (Holland et al. I976 ). Each picked plaque was then stored in I ml of MEM at -9o °C. A low multiplicity (LM) passage regime was initiated for each isolate using a multiplicity of infection (m.o.i.) of about ~o -3 plaque forming units (p.f.u.) per cell. The infected cells were incubated at I7 °C for 3 days, at which time cytopathic effect was complete. The medium from each successive passage was centrifuged at 8oo g and the cell pellets were discarded. In addition, several virus passages at high multiplicity (HM) were performed by adding o.2 ml of undiluted supernatant to a monolayer of CHSE-2I 4 cells (about 3 x io ° cells). All of these ten supernatant samples (five for each isolate) were assayed for the presence of DI particles as previously described (Macdonald & Yamamoto, I978) . Fig. z shows the results of these assays. The supernatant samples of LMI passage contained no detectable DI particles in either VRz99 or Jasper isolate. This result is evidence that plaque purification did reduce the DI particle content of IPNV stocks. However, by the second passage (LM2), the VR299 isolate contained enough DI particles to cause a significant amount of cell survival, while the Jasper isolate showed no cell survival above background. Background in these assays was taken to be at a level equal to the amount of cell survival that did not appear to be multiplicity dependent (i.e. survival that did not vary with input virus concentration). By this criterion the Jasper isolate never showed ceil survival above background and hence did not generate detectable numbers of DI particles (the lower limit of detection in these assays was about 5 x io 5 DI/ml).
It is interesting to compare the levels of interfering activity in the VR299 isolate during LM passage versus HM passage. There were more surviving cells in HMI than in LM2 (these samples had undergone an equal number of passages) which indicated that HM passage did generate more DI particles than LM passage. The level of interference activity in HM2 was only slightly higher than the level in HMI. The theoretical Poisson distribution one-hit curve (Marcus, I959) shown for HMI and HM2 in Fig. 2 indicated that the action of DI particles in crude virus samples sometimes (for example in HM2), but not always (for example in HM 0, followed the one-hit curve. The number of DI particles in the VR299 HM2 supernatant sample was calculated to be I-8 x io 7 DI/ml. The validity of this calculation was dependent upon the prior observation that IPNV interference was due to a virus DI particle, and was not due to soluble factors in the medium (Macdonald & Yamamoto, I978) .
It was necessary to use plaque purified virus for the experiments described in this report, both to ensure homogeneity in the virus and to rid the culture of DI particles. However, it should be pointed out that the plaque differences described here were first noticed during plaque assays with uncloned virus. Thus the difference in plaque morphology shown by different IPNV isolates was not due to the selection of a special variant in the recent passage history of these viruses. However it is possible that such a selection process occurred unknowingly during one of the early clonal isolations of the virus in the laboratory of origin. It would be of interest to determine the plaque characteristics of the original unpassaged IPNV isolates to determine if the plaque morphology was ringed, clear, or a mixture of both types.
There are two important conclusions from this study. First, several isolates of IPNV were shown to have a different plaque morphology on CHSE-214 cells, an observation that may be useful in the characterization of IPNV isolates. It will be of interest to determine if isolates within a plaque morphology class share any antigenic determinants. Second, I have extended the observation made by Pfau et al. (I973) on ringed plaque formation in LCM virus by showing that the formation of ringed plaques correlated with the production of DI particles. This conclusion suggests that the study of DI particle interference in a particular virus system may benefit from the search for, and analysis of, ringed plaques (or, in the case of extreme interference, an analysis of plaques that fail to enlarge). The search for ringed plaques could be used to screen virus isolates, virus mutants, and host cells for more examples of viruses that have the type of interference demonstrated by LCM virus and IPNV.
I wish to thank P. I. Marcus and C. J. Pfau for helpful comments on the manuscript. This research was supported by grants from the National Research Council of Canada and the University of Calgary.
